Contamination from agricultural sources and, in particular, nitrate pollution, is one of the 19 main concerns in groundwater management. However, this type of pollution entails the 20 entrance of other substances into the aquifer, as well as it may promote other processes. In 21 this study, we deal with hydrochemical and isotopic analysis of groundwater samples from 22 four distinct zones in Catalonia (NE Spain), which include different lithological units, to 23 investigate the influence of manure fertilization on the overall hydrochemical composition of 24 groundwater. Results indicate that high nitrate concentrations, resulting from intense manure *Manuscript Click here to view linked References
2 application, homogenize the contents of the major dissolved ions (i.e.; Cl -, SO 4 2-, Ca 2+ , Na + , 26 K + , and Mg 2+ ). Moreover, positive linear relationships between nitrate and some ions are 27 found indicating the magnitude of the fertilization impact on groundwater hydrochemistry. 28
Nevertheless, the increasing concentration of specific ions is not only attributed to the manure 29 input, but to the enhancing effect of manure and slurry upon the biogeochemical processes 30 that control water-rock interactions. Such results raise awareness that such processes should 31 be evaluated in advance in order to assess adequate groundwater resources assessment. 32 fertilizer (slurry and manure) may not only entail an increase on this ion in aquifers. On the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 3 ions, metals, emerging organic contaminants, or even microorganisms. On the other hand, 50 these substances interact with the subsurface environment, modifying groundwater 51 conditions, enhancing geochemical processes and even modifying groundwater communities 52 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5  Group 5: Aquifers in volcanic materials. In this group of aquifers there is a broad 100 variety of materials, from phreatomagmatic and pyroclastic deposits to basaltic lava 101 flow locally interleaved by sedimentary (alluvial) levels, which may locally be the 102 most productive units. These materials are mainly located in the Garrotxa area, but 103 volcanic lithologies also constitute aquifers in some parts of the Selva basin. This 104 group shows the lowest EC values with Ca 2+ -HCO 3 or Ca 2+ -Mg 2+ -HCO 3 facies. 105 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 6 parameters were normally distributed. In addition, a Principal Component Analysis (PCA) 125 was conducted in order to identify associations between variables and samples. The (Table 1 ). An exception are samples 154 of group 1, which do not show significant differences in any of these parameters between low 155 and high nitrate groups (p-values ranging from 0.123 for Ca 2+ to 0.877 for Cl -), since some of 156 these samples belong to thermal and/or CO 2 -rich systems. Geochemical evolution in such 157 environments overlays the chemical contribution of manure inputs. In addition, it is worth 158 mentioning that these Cland Na + higher concentrations are not detected in wells located in 159 aquifer group 3 (in sediments derived from igneous and metamorphic rocks, and p-values of 160 0.684 and 0.844, respectively), where natural processes can also favor high Cland Na + 161
concentrations. 162
It is also relevant that fewer hydrochemical differences are detected when high nitrate 163 concentration sample populations for the different aquifers are compared ( Figure 2 and Table  164 1). As expected due to lithological similarity, no significant differences are detected between 165 groups 1 and 3 (p-values ranging from 0.087 for SO 4 2and 0.906 for Cl -), neither between 166 groups 2 and 4 (p-values between 0.050 for HCO 3 and 0.732 for SO 4 2- 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 8 nitrate concentrations are significant for Na + and K + (p-values of 0.014 in both cases). Indeed, 174 this group 5 shows the largest differences with the rest of the aquifer groups for high NO 3 -175 samples. In volcanic materials, nitrate pollution is clearly lower than in the rest of the studied 176 aquifers, with an overall mean value of 30.90±3.81 mg/L (Table 1) . In this case, high nitrate 177
concentration samples presented differences with respect to nitrate for samples of groups 2, 3 178 and 4 (p-values of 0.026, 0.027 and 0.031, respectively). Between group 5 and these other 179 groups, significant differences were also observed in EC, Cl -, Ca 2+ and SO 4 2-(p-values 180 ranging from <0.001 to 0.044); besides, significant differences were detected between group 181 5 and groups 2 and 3 for Ca 2+ (p-values <0.001); and, with group 3 for K + and Mg 2+ (p-values 182 of 0.008 and 0.004, respectively) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 altitude. In addition, it is worth recalling that recharge areas of most of the wells 220 drilled in igneous and metamorphic rocks and in the sediments derived from them 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 volcanic rocks, present low VF2 values, consistent with the comparatively low pollution 247 levels in this aquifer type (Table 1) . 248
Finally, when nitrate content (VF2) and nitrate attenuation (VF4) are plotted (Figure 3c variability of the manure chemical composition depending on its origin and storage before 262 application; and 2) the heterogeneity of soil processes, which are different, in type and 263 magnitude, depending on the soil nature and the crop type. Therefore, equations indicate the 264 rate of ion concentration changes with increasing nitrate content (slope); that is, the amount 265 of each ion that any unit of nitrate adds to groundwater whether as a direct input or as a result 266 of enhancing geochemical processes; and the expected value of the major component where 267 no fertilization occurs (y-intercept). Such linear increase is quite evident for these three ions, 268 and similar relationships occur for other major components . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 12 solubility of silicate minerals, and of other processes as cation exchange, which may 272 significantly alter the Ca 2+ :Na + ratio and it may be responsible for a wide dispersion of data 273 values with and without the occurrence of nitrate pollution. The large heterogeneity of 274 volcanic deposits (group 5), which may include sedimentary layers among volcanic episodes, 275 also originates a wide range of geochemical values as regards of SO 4 2and Ca 2+ . However, 276
Clconcentration in the studied aquifers appears to be well related to manure fertilization. 277
Moreover, the occurrence of thermal and/or CO 2 -rich waters in group 1 aquifers may enhance 278 specific weathering processes resulting, for instance, in large chloride concentrations that 279 infiltrating water may dilute. 2due to pyrite oxidation will occur coupled to nitrate decreease; 292 whereas heterotrophic attenuation processes will increase alkalinity. Both processes will also 293 have consequences on the gypsum and calcite equilibriums modifying the Ca 2+ concentration, 294 yet the neat linear increase of Ca 2+ with nitrate in most of the aquifer types might suggest that 295 it directly originates in the manure itself. However, a geochemical insight to calcium 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 and Mg 2+ through time (Vitòria, 2004) . Since manure is usually stored for several months 302 before its application, Ca 2+ increase shown in Figure 4 may be better attributed to 303 geochemical reactions occurring in the soil and in the subsurface following fertilization than 304 to direct manure contribution. Hence, the observed hydrochemical composition is not just a 305 simple conservative mixture of groundwater with infiltrating slurry and manure lixiviation. 306 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 14 as fertilization may enhance or reduce geochemical processes that control groundwater 322 composition at equilibrium. Therefore accepting that nitrate pollution influences, 323 groundwater regional reports should look for the relationships shown in these aquifers; 324 checking potential influences upon the expected (natural) hydrochemical composition, so a 325 better understanding of the hydrogeological system is attained. 326
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